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The asymmetric unit of the title compound, (C 7 H 10 N) 8 - 
[CdCl 6 ]Cl 4 , contains four 3-methylanilinium cations, two 
chloride anions and half an octahedral hexa- 
chloridocadmate(II) anion, which lies on an inversion centre. 
In the crystal, numerous N— H- ■ -CI and bifurcated N— 
H- ■ -(CI, CI) hydrogen bonds link the components. 

Related literature 

For background to ferroelectric metal-organic complexes, see: 
Ye et al. (2009); Zhang et al. (2009, 2010). For a related 
structure, see: Liu (2011). 




Experimental 

Crystal data 

(C 7 H 10 N) 8 [CdCl 6 ]Cl 4 
M r = 1332.18 
Triclinic, PI 
a = 8.8863 (18) A 
b = 14.116 (3) A 
c = 14.251 (3) A 
a = 87.92 (3)° 
i3 = 71.88 (3)° 

Data collection 

Rigaku SCXmini CCD 
diffractometer 

Absorption correction: multi-scan 
(CrystalClear; Rigaku, 2005) 
T mi „ = 0.860, r m ., x = 0.860 



y = 75.20 (3)° 
V = 1640.8 (6) A 3 
Z = 1 

Mo Ka radiation 
ji. = 0.78 mm -1 
T = 293 K 

0.20 x 0.20 x 0.20 mm 



14045 measured reflections 
5776 independent reflections 
4134 reflections with / > 2a(I) 
Ri„, = 0.064 



Refinement 

R[F 2 > 2a(F 2 )] = 0.053 

wR(F 2 ) = 0.144 

5 = 0.91 

5776 reflections 

348 parameters 



Table 1 

Selected bond lengths (A). 



18 restraints 

H-atom parameters constrained 
A/w = 0.54 e A~ 3 
Ap mi „ = -0.39 e A~ 3 



Cdl-Cll 
Cdl-C12 



2.5425 (12) 
2.6743 (13) 



Cdl-C13 



2.6760 (15) 



Table 2 

Hydrogen-bond geometry (A, °). 



D-H-A 




D-H 


H-A 


D-A 


D-H-A 


N1-HL4-- 


■C15' 


0.89 


2.38 


3.264 (5) 


176 


N1-H1B-- 


■C14" 


0.89 


2.47 


3.309 (5) 


157 


N1-H1C-- 


■C12 m 


0.89 


2.54 


3.329 (5) 


148 


N1-H1C- 


■C13 lv 


0.89 


2.88 


3.427 (5) 


121 


N2-H2A- ■ 


■C14 v 


0.89 


2.38 


3.265 (5) 


176 


N2-H2B-- 


■C13 v 


0.89 


2.51 


3.300 (5) 


149 


N2-H2B-- 


■C12 vi 


0.89 


2.93 


3.495 (5) 


123 


N2-H2C- ■ 


■CIS™ 


0.89 


2.33 


3.186 (5) 


162 


N3-H3A-- 


■C14 


0.89 


2.37 


3.254 (5) 


172 


N3-H3B-- 


•C13™ 


0.89 


2.61 


3.344 (5) 


140 


N3-H3B-- 


■CC™ 


0.89 


2.75 


3.367 (5) 


127 


N3-H3C-- 


■C15 vi 


0.89 


2.44 


3.289 (5) 


159 


N4-H4A- ■ 


■C14 


0.89 


2.40 


3.270 (5) 


167 


N4-H4B- ■ 


■C15 vi 


0.89 


2.38 


3.267 (5) 


177 


N4-H4C- ■ 


■CI2 


0.89 


2.55 


3.305 (5) 


143 


N4-H4C- ■ 


■C13 


0.89 


2.91 


3.526 (5) 


128 


Symmetry codes: (i) 
(iv) -x+l,-y, -z- 


-x + 1, -y 4 
-l;(v) x,y + 


-1, (li) -x + 
1, z; (vi) — x+ 1, — y 


2, -y, -z + 
+ l,-z;(vii) 


1; (iii) x, y, z + 1; 
x + 1, y, z. 



Data collection: CrystalClear (Rigaku, 2005); cell refinement: 
CrystalClear; data reduction: CrystalClear, program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

The author thanks an anonymous adivisor from the 
Ordered Matter Science Research Centre, Southeast Univer- 
sity, for great help with the revision of this paper. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB6519). 
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Comment 

Recently much attention has been devoted to simple molecular-ionic compounds containing inorganic and organic ions 
due to the tunability of their special structural features and their potential ferroelectrics property. Ferroelectric materials 
that exhibit reversible electric polarization in response to an external electric field have found many applications such as 
nonvolatile memory storage, electronics and optics. The freezing of a certain functional group at low temperature forces 
significant orientational motions of the guest molecules and thus induces the formation of the ferroelectric phase. (Zhang et 
al. 2009; Ye et al. 2009; Zhang et al. 2010.). In our laboratory, the title compound, (I), has been synthesized and its crystal 
structure is herein reported. 

The title compound, [(CyHioN^CdClgJCLi, has an asymmertic unit that consists of four 3-methylanilinium cations, two 
chloride anions and one hexachloridocadmiumate anion (Fig 1), which lies in a symmetrical center. The non-hydrogen 
atoms of C7H10N cations are nearly coplanar, the cadmium atom is coordinated by six chloride ions, forming a distorted 
octahedron, the average Cd — CI bond distances range from 2.5425 (12) A to 2.6760 (15) A, the CI — Cd — CI angles range 
from 88.87 (5)°to 180°. The existence of N — H— CI hydrogen-bonding interactions makes great contribution to the stability 
of the crystal structure (Fig 2). 

Experimental 

3.21 g (0.03 mol) of 3-methylbenzenamine was firstly dissolved in 30 ml ethanol, to which 1.1 g (0.03 mol) of hydrochloric 
acid was then added to afford the solution, then the 0.83 g (0.01 mol) cadmium chloride was dissolved in 20 ml e thanol 
which was added hydrochloric acid, at last, mixed the above solution without any precipitation under stirring at the ambient 
temperature. Single crystals suitable for X-ray structure analysis were obtained by the slow evaporation of the above solution 
after 4 days in air. 

The dielectric constant of the compound as a function of temperature indicates that the permittivity is basically temper- 
ature-independent (e = C/(T-To)), suggesting that this compound is not ferroelectric or there may be no distinct phase trans- 
ition occurring within the measured temperature within the measured temperature (below the melting point). 

Refinement 

H atoms were placed in calculated positions (N — H = 0.89 A; C — H = 0.93A for Csp 2 atoms and C — H = 0.96A and 0.97A 
for Csp atoms), assigned fixed U[ so values [U lso = l.2Ueq(Csp ) and l.5Ueq(Csp ,N)] and allowed to ride. 
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Figures 




Fig. 1. The molecular structure of the title compound, showing 30% probability displacement 
ellipsoids. 



Fig. 2. Crystal structure of the title compound with view along the a axis. Intermolecular in- 
teractions are shown as dashed lines. 



Octakis(3-methylanilinium) hexachloridocadmate tetrachloride 



Crystal data 

(C 7 H 10 N) 8 [CdCl 6 ]Cl4 
M r = 1332.18 
Triclinic, PI 
Hall symbol: -P 1 
a = 8.8863 (18) A 
b= 14.116 (3) A 
c= 14.251 (3) A 
a = 87.92 (3)° 
(3 = 71.88 (3)° 
y = 75.20(3)° 



V= 1640.8(6) A 3 
Z= 1 

F(000) = 690 

D x = 1.348 MgnT 3 

Mo Ka radiation, X = 0.71073 . 

6 = 3.4-25° 

H = 0.78 mm -1 
7=293 K 
Block, colourless 
0.20 x 0.20 x 0.20 mm 



Data collection 

Rigaku SCXmini CCD 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 

CCDProfilefitting scans 

Absorption correction: multi-scan 
(CrystalClear; Rigaku, 2005) 
7 min = 0.860, 7 max = 0.860 
14045 measured reflections 



5776 independent reflections 

4134 reflections with / > 2o(I) 
R int = 0.064 

6max = 25.0°, 9 m ; n = 3.0° 
/!=-10-*10 

£ = -16^16 
/= 16^16 



Refinement 

Refinement on F 
Least-squares matrix: full 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
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R[F 2 > 20(^)1 = 0.053 
wR(F 2 ) = 0.144 
5 = 0.91 

5776 reflections 
348 parameters 
18 restraints 



Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.0846P) 2 + 0.9416P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.074 

Ap m ax = 0.54 e A~ 3 
Ap mi „ = -0.39eA" 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 

2 2 2 

al R-factors R are based on F, with F set to zero for negative F . The threshold expression of F > 2sigma(F ) is used only for calculat- 

ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 


TI- *ITJ 


Nl 


0.8397 (6) 


0.1086 (3) 


0.7966 (3) 


0.0507 (11) 


H1A 


0.8672 


0.1473 


0.8329 


0.076* 


H1B 


0.9020 


0.0477 


0.7935 


0.076* 


H1C 


0.7349 


0.1089 


0.8241 


0.076* 


CI 


0.8646 (6) 


0.1450 (4) 


0.6958 (4) 


0.0443 (13) 


C2 


0.9124 (6) 


0.2302 (4) 


0.6733 (4) 


0.0483 (13) 


H2 


0.9252 


0.2660 


0.7225 


0.058* 


C3 


0.9416(7) 


0.2637 (4) 


0.5790 (4) 


0.0578 (16) 


C4 


0.8444 (7) 


0.0901 (4) 


0.6257 (4) 


0.0592 (15) 
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0.8137 


0.0318 


0.6416 


0.071* 


C5 


0.8702 (8) 


0.1226 (5) 


0.5312(5) 


0.0686 (18) 


H5 


0.8537 


0.0874 


0.4830 


0.082* 


C6 


0.9207 (8) 


0.2074 (5) 


0.5084 (4) 


0.0665 (18) 


H6 


0.9414 


0.2276 


0.4439 


0.080* 


C7 


0.9997 (10) 


0.3560 (5) 


0.5545 (5) 


0.087 (2) 


H7A 


1.0879 


0.3451 


0.4933 


0.130* 
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1.0374 


0.3729 


0.6063 


0.130* 
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0.9109 


0.4086 


0.5483 


0.130* 


C8 


0.6267 (8) 


0.8805 (5) 
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0.0725 (19) 


H8A 


0.5254 


0.8858 
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H8B 
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0.109* 


H8C 


0.7139 
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0.109* 


N2 


0.7149 (5) 


0.9027 (3) 


0.2064 (3) 


0.0496(11) 


H2A 


0.7556 


0.9510 


0.2179 


0.074* 
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Atomic displacement parameters (A 2 ) 
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— U.UZ.3 {3 ) 


n nm (i \ 
—U.UU / y3) 


C6 


0.069 (4) 


0.073 (5) 


0.039 (3) 


0.005 (3) 


U.U1U y3 ) 


n nm (i\ 
U.UU / y3) 


C7 


0.093 (5) 


0.079 (5) 


0.078 (5) 


-0.032 (4) 


— U.UU / (4) 


n c\ia s a\ 
U.U34 (4) 


C8 


0.081 (5) 


0.086 (5) 


0.043 (4) 


-0.011 (4) 


n nn cx\ 
U.U1 / y3) 


n c\f\r\ /i\ 
U.UUU y3 ) 


N2 


0.051 (3) 


0.062 (3) 


0.035 (2) 


-0.015 (2) 


U.U14 yZ) 


n nn f>\ 
U.U1Z yZ) 


C9 


0.037 (3) 


0.040 (3) 


0.034 (3) 


-0.005 (2) 


r\ nns {">\ 
U.UUo yZ ) 


n nnc (i\ 
U.UUo yZ) 


CIO 


0.049 (3) 


0.059 (4) 


0.035 (3) 


-0.006 (3) 


A All /1\ 

—\J.\jLj {3 ) 


n nn^ fi\ 
U.UU j y3 ) 


Cll 


0.046 (3) 


0.044 (3) 


0.035 (3) 


-0.011 (2) 


n nn fy\ 
U.U1Z yZ) 


U.UU4 yZ) 


C12 


0.069 (4) 


0.044 (3) 


0.056 (4) 


-0.011 (3) 


n m 1 fX\ 
U.U3 1 y3 ) 


n nfK (?.\ 
U.UU j y3 ) 


C13 


0.063 (4) 


0.070 (4) 


0.048 (4) 


-0.024 (3) 


— U.U1.3 {3 ) 


n mi (i\ 
U.UZ3 y3) 


C14 


0.082 (5) 


0.050 (4) 


0.082 (5) 


-0.029 (3) 


n nil (A \ 

— U.U31 (4) 


n m z ^i\ 
U.UIj {3 ) 


C16 


0.101 (6) 


0.077 (5) 


0.075 (5) 


0.010 (4) 


n n 1 n (a \ 
— U.U1U (4 ) 


n nn fA\ 
— U.U3Z (4 ) 


C15 


0.050 (3) 


0.033 (3) 


0.051 (3) 


-0.007 (2) 


U.U14 y3 ) 


n nm fi~\ 
U.UU3 yZ ) 


N3 


0.049 (3) 


0.038 (3) 


0.057 (3) 


-0.006 (2) 


n nn /">\ 
— U.U1Z yZ ) 


n nin (~>\ 
— U.U1U (Z ) 


C17 


0.079 (5) 


0.052 (4) 


0.072 (4) 


-0.023 (3) 


n nn/; fA\ 
—U.UUo (4 ) 


n nm fi\ 
U.UU3 y3) 


C18 


0.056 (3) 


0.040 (3) 


0.053 (3) 


-0.007 (3) 


n n 1 q fi\ 
— U.Ulo {3 ) 


n nm a\ 
— U.UUZ {3 ) 


C19 


0.063 (4) 


0.046 (4) 


0.060 (4) 


0.004 (3) 


n (mi cx\ 
U.UZZ y3 ) 


n nn t"z\ 
U.Un y3 ) 


C20 


0.113 (6) 


0.045 (4) 


0.101 (6) 


-0.035 (4) 


n m^ 
— U.UZo [p ) 


n m 1 (a\ 
U.UZ1 (4J 


C21 


0.092 (5) 


0.035 (4) 


0.092 (5) 


-0.004 (3) 


n no 7 (A \ 
U.UZ / (4 J 


n nK cx\ 
U.U1 j y3 ) 


N4 


0.065 (3) 


0.034 (3) 


0.069 (3) 


-0.009 (2) 


U.UZ / y3 ) 


n nn^ o\ 
U.UUD yZ ) 


C22 


0.055 (3) 


0.035 (3) 


0.051 (3) 


-0.006 (2) 


n m^ cx\ 
U.UZo {3 ) 


n nm /o^ 
U.UU3 yZ) 


C23 


0.052 (3) 


0.041 (3) 


0.052 (3) 


-0.011 (3) 


n nrK (i\ 

U.UU J \3 ) 


n nno ^i^ 
U.UUZ y3 ) 


C24 


0.067 (4) 


0.040 (3) 


0.065 (4) 


-0.012 (3) 


n nio cx\ 
u.uiy {3 ) 


n nno cx\ 
u.uuy y3 ) 


C25 


0.115 (5) 


0.048 (4) 


0.069 (4) 


-0.027 (4) 


n no 1 (a \ 
U.UZ1 (4 J 


n nnn fi^ 
U.UUU y3 ) 


C26 


0.117(5) 


0.075 (4) 


0.095 (4) 


-0.020 (4) 


n nin fA\ 
U.U3U (4 ) 


n nn/i fA \ 
—U.UUo (4 ) 


C27 


0.097 (5) 


0.046 (4) 


0.087 (5) 


-0.006 (4) 


n n 1 n (a \ 
U.U1U (4) 


n n 1 a fi\ 
— U.Uly {3 ) 


C28 


0.119(7) 


0.051 (4) 


0.121 (7) 


-0.036 (4) 


— U.UZ3 (o) 


n m n ( a\ 

u.uiy (4J 


Cdl 


0.0356 (3) 


0.0329 (3) 


0.0336 (3) 


-0.0111 (2) 


-0.0123 (2) 


0.0032 (2) 


Cll 


0.0363 (6) 


0.0349 (6) 


0.0361 (6) 


-0.0119 (5) 


-0.0111 (5) 


0.0029 (5) 


C12 


0.0473 (7) 


0.0325 (7) 


0.0476 (7) 


-0.0118(5) 


-0.0174 (6) 


0.0086 (5) 


C13 


0.0475 (7) 


0.0479 (8) 


0.0341 (7) 


-0.0119(6) 


-0.0109 (6) 


-0.0017(5) 


C14 


0.0552 (8) 


0.0414(7) 


0.0449 (7) 


-0.0151 (6) 


-0.0123 (6) 


0.0069 (6) 


C15 


0.0612(9) 


0.0426 (8) 


0.0430 (7) 


-0.0103 (6) 


-0.0136 (6) 


-0.0006 (6) 
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Geometric parameters (A, °) 




Nl— CI 


1.478 (6) 


Nl— H1A 


0.8900 


Nl— H1B 


0.8900 


Nl— H1C 


0.8900 


CI— C4 


1.367 (8) 


CI— C2 


1.371 (7) 


C2— C3 


1.377 (7) 


C2— H2 


0.9300 


C3— C6 


1.387 (9) 


C3— C7 


1.512(9) 


C4— C5 


1.375 (8) 


C4— H4 


0.9300 


C5— C6 


1.377 (9) 


C5— H5 


0.9300 


C6— H6 


0.9300 


C7— H7A 


0.9600 


C7— H7B 


0.9600 


C7— H7C 


0.9600 


C8— CIO 


1.509 (8) 


C8— H8A 


0.9600 


C8— H8B 


0.9600 


C8— H8C 


0.9600 


N2— C9 


1.478 (6) 


N2— H2A 


0.8900 


N2— H2B 


0.8900 


N2— H2C 


0.8900 


C9— Cll 


1.351 (7) 


C9— C12 


1.366(7) 


CIO— C13 


1.368 (8) 


CIO — Cll 


1.393 (7) 


f 1 1 1 TT 1 1 

CI 1 — rll 1 


U.V3UU 


q\2 C14 


1. JOJ 1 


C12— H12 


0.9300 


C13— C14 


1.376 (9) 


C13— H13 


0.9300 


C14— H14 


0.9300 


C16 C19 


1.496 (9) 


n-[ f. tti f. a 


u.youu 


C16— H16B 


0.9600 


CI— Nl— H1A 


109.5 


CI— Nl— H1B 


109.5 


H1A— Nl— H1B 


109.5 


CI— Nl— H1C 


109.5 


H1A— Nl— H1C 


109.5 


H1B— Nl— H1C 


109.5 



C16 — H16C 


0.9600 


C15 — C18 


1.362 (7) 


C15 — C17 


1.372 (8) 


C15 — N3 


1 .464 (6) 


N3 — H3A 


0.8900 


N3 — H3B 


0.8900 


N3 — H3C 


0.8900 


CI 7— C20 


1.380 (9) 


C17 — H17 


0.9300 


C18 — C19 


1.383 (7) 


C18 — H18 


0.9300 


C19 — C21 


1.384 (9) 


C20 — C21 


1.385 (10) 


C20 — H20 


0.9300 


C21 — H21 


0.9300 


N4— C22 


1 .465 (7) 


N4 — H4A 


0.8900 


N4 — H4B 


0.8900 


N4 — H4C 


0.8900 


C22 — C25 


1.365 (8) 


C22 — C23 


1 .366 (7) 


C23 — C24 


1.386 (8) 


C23 — H23 


0.9300 


C24 — C27 


1.359 (9) 


C24— C28 


1.510 (8) 


C25— C26 


1.369 (10) 


C25— H25 


0.9300 


C26— C27 


1.383 (10) 


C26— H26 


0.9300 


C27— H27 


0.9300 


C28— H28A 


0.9600 


C28 — H28B 


0.9600 


C2S — H26C 


U.V6UU 


Cdl— Cll* 


2.5425 (12) 


Cdl— Cll 


2.5425 (12) 


Cdl— C12 


2.6743 (13) 


Cdl— C12 1 


2.6743 (13) 


Cdl— C13 


2.6760 (15) 


Cdl— CD* 


2.6760 (15) 


CI 7— CI 5— N3 


118.5 (5) 


CI 5— N3— H3A 


109.5 


CI 5— N3— H3B 


109.5 


H3A— N3— H3B 


109.5 


CI 5— N3— H3C 


109.5 


H3A— N3— H3C 


109.5 
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C4 — C 1 — Cz 


121.4 (5) 


P/1 pi \T 1 

C4 — CI — JN 1 


115. 5 (D) 


pi ni mi 

Cz — C 1 — JN 1 


i in i fz\ 
12U.1 (D) 


pi 

CI — Cz — C3 


121 .U (5 j 


p 1 pi TJ1 

CI — Cz — Hz 


i iy.5 


pi pi XT') 

C3 — Cz — Hz 


iiy.s 


PO pi p 

Cz — Cj — Co 


i i n i //:\ 
11 /.I (0) 


PI PI p-7 

Cz — C j — C / 


1 in a ( £\ 
12U.4 (0 ) 


PP pQ p-7 

Co — C 3 — C / 


1 11 c //:\ 
122.5 (0) 


p 1 p /l PC 

CI — C4 — CD 


116.6 (0) 


p 1 p /I I I 1 

CI — C4 — H4 


12U.D 


PC p /I II A 

C j — C4 — H4 


1 in /; 
12U.D 


P/i pc / • /; 

C4 — Cj — Co 


ny. / (0) 


P/i PC IIC 

C4 — Cj — Hj 


1 in i 
12U.2 


pp pc T_TC 

Co — Cj — Hj 


1 in i 
12U.2 


pc p/: pq 

CD — Co — C3 


1 ii n //;\ 
122. U (0) 


pc p/: Tj/- 

Cj — Co — Ho 


linn 

ny.u 


pi pz- ttz: 
CJ — Co — hlo 


1 1 n n 

ny.u 


PI p-7 TJ-7 A 

C3 — C / — hi /A 


1 nn £ 


pi p-7 I I -7 13 

CJ — C / — hi /B 


1 nn £ 


ill * p-7 inn 
hi /A — C / — H /£> 


1 nn £ 


P1 p-7 I IIP 

CJ — C / — hi /C 


1 nn £ 


m a p-7 rnp 
hi / A — C / — hi /C 


1 nn £ 


HID p-7 TT*7P 

rl /r> — C / — rl /C 


1 nn £ 


pin PO I ii) a 

C1U — Co — Ho A 


1 nn £ 


p 1 pi po I 1 1) I) 

C1U — Co — Hor> 


1 nn £ 


lit) * PO I TVD 

H o A — C o — H o r> 


1 nn £ 


p i r\ po nop 

C 1 0 — Co — HoC 


109.5 


lit) * PO I III/-' 

H o A — C o — H o C 


1 nn £ 


1 ion po I io/' 

Hor> — Co — HoC 


1 nn £ 


pn \n in * 

CV — JNZ — Hz A 


1 nn £ 


pn mi 1 1 1 r> 
CV — JNZ — HZr> 


1 nn £ 


Hz A — JN Z — HZr> 


1 nn £ 


PQ XT') I I "I P 

cy — JNZ — HZC 


1 no ^ 

luy.j 


i n a \n 1 up 

Hz A — JN Z — HzC 


1 nn £ 


mr) \n i iip 
HZr> — JN Z — HZC 


1 nn £ 

luy.j 


pi i pn pn 

ci i — cv — ciz 


1 ii /: 
122.0 \ j) 


pi i pn \n 

ci i — cy — jnz 


1 1 Q 1 ( A\ 

i iy.2 (4 ) 


pll ppi "VP") 

c i z — cy — jn z 


11 o 1 /c\ 
H8.2 (D) 


pi i pin pi i 

C13 — C1U — CI 1 


lion 
H8.U (D) 


tl J — ciu — to 


12 1 .3 \ J) 


Cll — CIO — C8 


120.5 (5) 


C9 c 1 1 c 1 o 


120.1 (5) 


C9— Cll— Hll 


119.9 


CIO— Cll— Hll 


119.9 


C9— C12— C14 


117.6(5) 


C9— C12— H12 


121.2 


C14— C12— H12 


121.2 



I I "J I) Ml I I "J p 

H3r> — JN3 — H3C 


1 nn c 

luy.j 


PIC P 1 *7 p-)pi 

C1j — CI / — CzU 


1 1 O A 

11 0.4 (o) 


pic pn u i ^7 
C 1 j — C 1 / — H 1 / 


IZU.o 


Pin pn 1 1 1 -7 
CzU — CI / — HI / 


1 in o 
IZU.O 


pic pi o pin 

c i j — c i o — c i y 


1 in /z f£\ 
IzU.o (0) 


pi c p 1 O I I 1 o 

C 1 J — C 1 o — H 1 o 


1 1 n *7 

i iy. / 


Pin pi o it t o 
c i y — C 1 o — H 1 0 


ny. / 


p i o pin po 1 

c i o — c i y — cz i 


linn / z;\ 

11 / . / (o) 


p i q pin P^ 1 £ 

cio — ciy — cio 


Izl.U (0) 


pi i p 1 n z" 1 1 c 

czi — ciy — cio 


lzl.i (0) 


p i -7 pin p-> i 
CI / — CzU — Czl 


iinn 

ny. / (o) 


p i -7 pin i nn 
CI / — CzU — HZU 


1 in 1 
12U.1 


p-> i pin uin 
Cz 1 — CzU — H2U 


1 in 1 
12U.1 


pin PI 1 pin 

c i y — cz i — czu 


111 C (£\ 

Izl.o (0) 


pin p-> 1 1 1~» i 

c i y — cz i — Hz i 


1 1 n i 

i iy.z 


pia p-> i m 1 
CzU — Cz 1 — HZ 1 


1 1 n i 

i iy.z 


P' -) -) XT /I I I 1 A 

Czz — JN 4 — H4 A 


1 nn c 

luy.j 


pll XT /I I I A I) 

Czz — JN4 — H4B 


1 nn c 

luy.j 


I I 1 A XT /I I I 1 I) 

H4A — JN4 — H4r> 


1 nn c 

luy.j 


P11 XT /I I I 1 / • 

Czz — JN4 — H4C 


1 nn c 

luy.j 


II A A XT A I I 1 / ' 

H4A — JN4 — H4C 


1 nn c 

luy.j 


I 1 ,1 l) XT /I I I 1 / " 

H4B — JN4 — H4C 


1 nn c 

luy.j 


PIC pn pn 

Czj — Czz — Cz3 


111 c /c\ 
Izl.D {J) 


pic pn xt /i 
Czj — Czz — JN 4 


1 1 n 1 ( c\ 
liy.l (j) 


p -) ■> P' -) -) XT /I 

Cz3 — CZZ — JN 4 


1 1 n a /c\ 

ny.4 ( j) 


pii pn p-> /i 
Czz — Cz3 — C24 


1 in n /c\ 
12U.U (j) 


pii pn 1 1 -> "j 

Czz — Cz3 — Hz3 


1 in n 
12U.U 


p-) /I P11 uii 

Cz4 — Cz 3 — Hz 3 


1 in n 
12U.U 


p->-7 p-> /I pTJ 

Cz / — Cz4 — Cz3 


1 1 O O ( c\ 

llo.o (J) 


p-)-7 PI/I plO 

Cz / — C24 — Czo 


iinn //"\ 

ny. / (o) 


P11 pi A PlO 

Czj — Cz4 — Czo 


111 C f£\ 

IZl.D (0) 


P11 PTC P'^/C 

Czz — Czj — Czo 


i i o £ //C\ 

llo.o (o) 


ph pic i iic 

Czz — Czj — HZ j 


1 in *7 
IzU. / 


p-v /: pic i nc 
Czo — Czj — Hzj 


1 in *7 
IzU. / 


pic pi/- pn 
Czj — Czo — Cz / 


1 in i /*7\ 
12U.3 (/) 


PIC pi/- m/ 

Czj — Czo — Hzo 


1 1 n o 

ny.o 


PT7 p-v /: i ii/: 

Cz / — Czo — Hzo 


1 1 n o 

ny.o 


PI /I pi-7 PI /C 

Cz4 — Cz / — Czo 


1 in o 
IzU.o (0) 


pi /l pn I 1 1 "7 

Cz4 — Cz / — Hz / 


1 1 n c 

i iy.o 


/ • 1 /C pn I 1 1 "7 

Czo — Cz / — Hz / 


1 1 A / 

ny.o 


P?4 P?R H7RA 


1 U7.J 


C24— C28— H28B 


109.5 


H28A— C28— H28B 


109.5 


C24— C28— H28C 


109.5 


H28A— C28— H28C 


109.5 


H28B— C28— H28C 


109.5 


Cll'— Cdl— Cll 


180.0 


Cll'— Cdl— C12 


91.13 (5) 
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CIO— C13— C14 


121.3 (5) 


Cll— Cdl— C12 


88.87 (5) 


CIO— C13— H13 


119.3 


Cll'— Cdl— C12' 


88.87 (5) 


C14— C13— H13 


119.3 


Cll— Cdl— C12' 


91.13 (5) 


C13— C14— C12 


120.3 (6) 


C12— Cdl— C12' 


180.0 


C13— C14— H14 


119.8 


Cll'— Cdl— C13 


89.47 (5) 


C12— C14— H14 


119.8 


Cll— Cdl— C13 


90.53 (5) 


C19— C16— H16A 


109.5 


C12— Cdl— C13 


89.47 (5) 


C19 — C16 — H16B 


109.5 


C12'— Cdl— C13 


90.53 (5) 


H16A — C16 — H16B 


109.5 


Cll'— Cdl— CB 1 


90.53 (5) 


C19— C16— H16C 


109.5 


Cll— Cdl— CB 1 


89.47 (5) 


H16A— CI 6— H16C 


109.5 


C12— Cdl— C13 1 


90.53 (5) 


H16B— CI 6— H16C 


109.5 


C12*— Cdl— C13 1 


89.47 (5) 


C18— C15— C17 


122.0 (5) 


C13 — Cdl — C13' 


180.0 


CI 8— CI 5— N3 


119.5 (5) 






c^a r^i r^o r^i 
C4 — C 1 — tz — C3 


r\ p, /o\ 
U.U [Q ) 


pi o pic pn p^n 
C 1 o — C 1 j — C 1 / — CzU 


A. 0 / 1 (X\ 
U.Z (1UJ 


\T i r^i r^i 

JN 1 — CI — C2 — C3 


1 "7*7 O /'CA 

1 / /.o (p ) 


mi p i c pn pin 
JN3 — CI J — CI / — CzU 


1 OO 1 

1 /o.o (o ) 


r^i r^i 

CI — Lz — C3 — Co 


U.U (o ) 


P 1 -7 PIC piO P1Q 

ci / — cio — cio — ciy 


p, p, /Q\ 

U.U {y) 


r^i r^i r^i f^n 
C 1 — tz — C3 — C / 


— i 1 f.y (o ) 


Ml pic pi o pin 

JN 3 — C 1 j — C 1 o — C 1 y 


1 OO 1 /C\ 

_ 1 /o. 1 pj 


C2 — CI — C4 — CD 


1 1 fQ\ 

-1.1 (9) 


pic pio pin n 1 

C 1 j — C 1 5 — C 1 y — C2 1 


n c /^n\ 

-o.5 (y) 


JN 1 — CI — C4 — CD 


—1 /o.o (j ) 


pic pio pin pu 

c i j — c i o — c i y — c i o 


1 /O.O (O ) 


r^i r^/i 

CI — C4 CD — Co 


O 1 /'G\ 

2.1 (9) 


p i c pn r^on po 1 
tlj — CI / — CZU — CZl 


A A p. 1 \ 

U.U (1 1 j 


c^a c^z. r^t* r^i 
C4 — Cj — Co — CJ 


o 1 /'i no 
z. 1 (,1UJ 


pio Plfl PT1 PTPi 

c i o — c i y — cz i — czu 


U. / (,1UJ 


r^o /"'i r^/; 

C2 — C3 — Co — CD 


1 1 

1.1 (9) 


ri/: Pin PTl PTPi 

c i o — c i y — cz i — czu 


1 oo a p7\ 
_ 1 (/J 


C / — Ci — Co — CD 


1 -7Q Q (/r\ 


p i -7 pi/i PT1 pin 

ci / — czu — czi — ciy 


n c /I 0\ 
—U.J (1Z J 


ci 2 — cy — en — ciu 


U.O (5 j 


p~) PT> PTl pi/1 

CZj — tzz — CZ3 — CZ4 


p, T /Q\ 

-o.3 (y) 


in 2 — cy — ci i — ciu 




M/1 POO p"> 1 po/1 

JN4 — CZZ — CZo — CZ4 


1 /6.U p ) 


( - i q ( ■ i n ( ■ i i r^Q 

ci3 — ciu — ci i — cy 


U.2 ) 


\^LL CZ3 CZ4 CZ / 


i .2 (y) 


Co — c i u — c 1 1 — cy 


i /y.4 p ) 


en f 'ii ciA poe 
CZZ — CZo — CZ4 — CZo 


1 /o.o (0 ) 


pi i pn rn /~ii /i 

ci i — cy — ci/ — ci4 


0.5 (5) 


r'Tj P11 PTC n/: 

Czo — Czz — Czj — Czo 


-U.2 (12) 


N2— C9— C12— C14 


-178.2 (5) 


N4— C22— C25— C26 


-178.5 (7) 


Cll— CIO— C13— C14 


0.0 (9) 


C22— C25— C26— C27 


-0.3 (14) 


C8— CIO— C13— C14 


179.7 (6) 


C23— C24— C27— C26 


-1.7(12) 


CIO— C13— C14— C12 


0.2(10) 


C28— C24— C27— C26 


178.4 (8) 


C9— C12— C14— C13 


-0.6 (9) 


C25— C26— C27— C24 


1.2(15) 



Symmetry codes: (i) -x+1, -y, -z. 
Hydrogen-bond geometry (A, °) 



D—H-A 


D — H 


a-A 


D-A 


D—H-A 


Nl— H1A-C15" 


0.89 


2.38 


3.264 (5) 


176 


Nl— H1B-C14'" 


0.89 


2.47 


3.309 (5) 


157 


Nl— H1C-C12' V 


0.89 


2.54 


3.329 (5) 


148 


Nl— H1C-C13 V 


0.89 


2.88 


3.427 (5) 


121 


N2— H2A-C14 vi 


0.89 


2.38 


3.265 (5) 


176 


N2— H2B-C13 vi 


0.89 


2.51 


3.300 (5) 


149 
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N2— H2B-C12 VU 


0.89 


2.93 


3.495 (5) 


123 


N2— H2C-C15™ 


0.89 


2.33 


3.186 (5) 


162 


N3— H3A-C14 


0.89 


2.37 


3.254 (5) 


172 


N3— H3B -C13 viii 


0.89 


2.61 


3.344 (5) 


140 


N3— H3B-C12 viii 


0.89 


2.75 


3.367 (5) 


127 


N3— H3C-C15™ 


0.89 


2.44 


3.289 (5) 


159 


N4— H4A-C14 


0.89 


2.40 


3.270 (5) 


167 


N4— H4B-C15™ 


0.89 


2.38 


3.267 (5) 


177 


N4— H4C-C12 


0.89 


2.55 


3.305 (5) 


143 


N4— H4C-C13 


0.89 


2.91 


3.526 (5) 


128 



Symmetry codes: (ii) -x+1, -y+1, -z+1; (iii) -x+2, -y, -z+1; (iv) x,y, z+1; (v) -x+1, -y, -z+1; (vi) x,y+l,z; (vii) -x+1, -y+l, -z; 
(vm)x+l,y, z. 
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